To inform planning decisions and address climate change impacts in expanding cities, it is desirable to quantify urban ecosystem services like flood control and urban cooling. By comparing with a purpose-built habitat map, this study ground-truthed a method to assess flood control, which was developed by Southampton City Council from surface maps. It was confirmed that infiltration capacity is a good proxy for flood control, leaf area index could represent urban cooling, and thereby both could be used to score urban surface types. A two-tiered system was proposed so that surface maps would be used for city-wide scale, and as they produce similar results that are more accurate at fine scales, habitat maps are used at site level. These surrogates were integrated to produce a Green Space Factor for flood control and urban cooling, wherein a combined score can be generated for particular locations. This could be extended further to include other ecosystem services. The new integrated multi-scale ecosystem service quantification tool could be used by developers and policy-makers to identify target areas in their projects and policies that could benefit from enhanced green infrastructure.
Introduction
Although most cities are customarily grey with buildings and other conventional infrastructure like roads (Wolch 2007) , citizens and policy-makers are becoming more conscious of the need for these cities to be greener (Young et al. 2009 ). Greener cities are better places to dwell in on several counts (Lafortezza et al. 2009 ), including the quality of life of their citizens (Bolund & Hunhammar 1999; Chiesura 2004) . Many local authorities, especially in more economically developed countries, are looking for innovative ways to increase the amount of green areas and infrastructure in their cities (Florida Department of Environmental Protection and the Florida Greenways Coordinating Council 1999; Rosenzweig et al. 2006; Finlay 2010) . Despite this interest, the important role of green infrastructure is not sufficiently recognised and hence lacks integration into spatial planning systems (Kruuse 2011) . Various attempts have been made to quantify the benefits of green areas in urban contexts and to inform planning processes accordingly. Such attempts have, however, failed to permeate fully into the policy-making system either because they lack transparency in the methodology used or because they are too site-or service-specific (see examples in Section 2.3). This article explores a simple and generally applicable scoring tool for green areas in cities, which could be applied in wider contexts to enlighten the policy-making process. This is explored by examining flood control and urban cooling ecosystem services. *Corresponding author. Email: mdh@soton.ac.uk 
A background to past developments in urban green infrastructure 2.1 Benefits of green areas in cities
Green infrastructure is the interconnected network of green areas and open spaces (Benedict & McMahon 2006; Finlay 2010) . It involves the incorporation of natural lifesupport systems into built-up areas such as cities (Finlay 2010) . Such infrastructure may include combinations of watercourses, parks, green roofs and trees on pavements. Research has shown that such places can host a wide variety of ecosystems, which are of benefit to human populations (Angold et al. 2006) . Understanding these benefits would enable planners to devise policies that incorporate green areas in a sustainable way while minimising their costs.
The benefits of ecosystems on human well-being and economic stability are called ecosystem services (De Groot et al. 2002; Fisher et al. 2009 ; TEEB, The Economics of Ecosystems and Biodiversity 2010). Apart from their ecological or biophysical value of performance (De Groot et al. 2002) , documents such as the Stern Review (Stern 2006) and TEEB (2010) have ascribed economic value to these ecosystem services, while some authors (Bolund & Hunhammar 1999; Gómez-Baggethun & Barton 2013) are also ascribing them social value. Currently, some of these services are of urgent relevance to society in view of rapidly changing climatic conditions, obliging cities to adapt their configurations to the new weather phenomena and extremes (IIP Digital | U.S. Department of State 2010). In this regard, research has shown that green spaces in cities provide flood control and urban cooling regulatory services (Wong & Yu 2005; Rosenzweig et al. 2006) , both of which have an important economic and social value, besides their biophysical value, which shall be the subject of this article (Gómez-Baggethun & Barton 2013).
Linking urban green areas to particular ecosystem
services It is known that vegetation reduces surface run-off, following precipitation events, by intercepting water through the leaves and stems (Villarreal & Bengtsson 2005) . The underlying soil would also help in reducing infiltration rates, since it can act as a sponge by storing water in the pore spaces until it percolates as through-flow and baseflow. Thus, habitats, having a thick soil layer covered with dense vegetation, would have a high infiltration capacity as the water would take longer to pass through and would, therefore, help in preventing flood events downstream (Villarreal & Bengtsson 2005) . Besides the underlying soil, the same vegetation also absorbs water acting as a natural reservoir after precipitation events. Some of this moisture would later be released through transpiration (Miglietta et al. 2011) .
Green infrastructure also helps to reduce ambient temperatures in cities (Hardin & Jensen 2007) . During the process of evapotranspiration, the plant absorbs sensible heat and releases latent heat, when converting water from a liquid state to a gaseous state, leading to a lowering of air temperature in the nearby areas. This effect increases with the area of leaves and foliage density, since more water is transpired from a larger surface area (Hardin & Jensen 2007) . Furthermore, the process of photosynthesis in green plants requires the absorption of heat energy from the incoming solar radiation to synthesise glucose, thereby cooling the surrounding environment (Rosenzweig et al. 2006) . Moreover, trees provide shade to the nearground habitat by their canopies, consequently, reducing the proportion of insolation reaching and heating ground level (Kawashima 1991) . Therefore, vegetation also helps to reduce the transmittance of heat energy to the underlying surface by absorbing insolation through its relatively low albedo, while reducing the amount of heat radiated from the ground (Rosenzweig et al. 2006 ).
Quantifying urban ecosystem services
Several attempts have been made in different European cities at quantifying the biophysical value of green areas therein, so as to direct planning procedures. One of the first attempts was made in Berlin with the Biotope Area Factor (BAF) (Landschaft Planen & Bauen and Becker Giseke Mohren Richard 1990). This system scored land surface types in development sites according to their ecological potential. The BAF is thus a ratio of the green area with the total land area. It also formulated target BAFs for specific urban functions, which developers were obliged to meet so that any development proposal could be approved (Landschaft Planen & Bauen and Becker Giseke Mohren Richard 1990).
A similar system was adopted by Malmo City Council in Sweden, which focussed on the incorporation of green and blue infrastructure among existing land uses, while minimising the extent of sealed or paved surfaces in any development (Kruuse 2011) . Similar to the Berlin BAF, the Malmo Green Space Factor (GSF) scored surfaces according to their green areas and sealed proportions. While the scores in the BAF ranged from 0 for sealed surfaces to 1 for dense vegetation connected to a deep soil, those for the Malmo GSF were initially scored from 0 to 20. In fact, the original GSF system also required developers to choose from a list of possible green infrastructure, such as green roofs, allotments and water surfaces, to be incorporated in their projects so as to achieve the desired number of 'Green Points'. The system was later revised to rescale the weightings to 0-1 while including the same green infrastructure (Kruuse 2011) .
The results of these European systems were applied by the GRaBS (Green and Blue Space Adaptation for Urban Areas and Eco Towns) project (Community Forest North West 2011). This project developed a user-friendly tool to be employed by developers and planners based on similar weighting factors to the above systems. GRaBS launched the North West Green Infrastructure Factor, which is more focussed on the actual infrastructure than the generic surface types. Moreover, it splits the surfaces into three horizontal layers consisting of a ground-level layer, which includes grasses and water surfaces, a secondary layer having shrubs, hedges and trees and a tertiary layer with roofs covered by plants.
A similar attempt to quantify the generic value of green areas was made in Kent Thameside (Defra 2008 ). However, this project looked at multiple ecosystem services but scored them separately. These services, which included recreation and flood control, were scored using predetermined surrogates and data. Such a concept was also explored in Florida urban forests, with a system of a much more detailed indicators based on literature and fieldwork (Dobbs et al. 2011) .
These five approaches share common flaws. The approaches that they used cannot be replicated across different spatial scales nor in other ecoregions, since quantification was scale-specific and occurred within temperate climates. Furthermore, with the exceptions of the Kent Thameside and the Florida urban forests, no scoring criteria have been verified by other studies.
Given such limitations, there is a need to ground-truth the existing systems on several scales and possibly extend them to more ecosystem services. Moreover, it is important to maintain a user-friendly decision support tool that is transparent in its functionality, so as to trace the driving factors of specific results and be able to make the necessary amendments in either planning policy or development proposals. Having identified these needs, this article develops an improved ecosystem services quantification tool that addresses these issues.
Southampton Green Space Factor
One of the partners within the GRaBS project is Southampton City Council (SCC). As part of its project work, SCC started to develop a version of the GSF tool to evaluate the extent to which green areas contribute to flood control based on scoring systems used in other North European cities (Landschaft Planen & Bauen and Becker Giseke Mohren Richard, 1990; Finlay, 2010; Kruuse 2011) . The system works by assigning high scores to areas considered as having a high infiltration capacity and hence a substantial contribution to flood control. These areas are identified after combining the Ordnance Survey MasterMaps ® , which are maps with a comprehensive view of landscape in Great Britain (Ordnance Survey 2012), and the SCC Open Spaces, which is a map layer showing all unbuilt areas in Southampton. Upon scoring these two maps in the Geographic Information System (GIS), a surface type approach has been adopted.
While acknowledging the strong relationship between surface type, infiltration capacity and flood control, SCC is aware that the above-mentioned maps were not created for these purposes and may thus fail to show other characteristics of green areas, which could also contribute to flood control. To test this surface type approach, this study therefore replicated the same GSF tool using Joint Nature Conservation Committee Phase 1 habitat maps (JNCC 2010) (hereafter referred to as 'habitat type' approach in contrast to the 'surface type' approach). The JNCC Phase 1 maps were specifically designed to broadly map vegetated areas for environmental assessment purposes and may thus be more accurate in capturing details about infiltration capacity. By comparing the scores obtained from the surface type and habitat type methods, it is possible to critically evaluate them and identify the most accurate and cost-effective approach.
As well as flood control, urban cooling is another desirable ecosystem service in dense cities (Rosenzweig et al. 2006) . Following the setting up of a GSF for flood control, attempts were made to find suitable surrogates on which to construct a similar GSF for urban cooling. Temperature regulation within cities is highly dependent on the greenness of habitats: greenness can therefore be used to estimate the urban cooling potential (Akbari et al. 1990; Wong & Yu 2005; Rosenzweig et al. 2006 ). Research carried out by Gibson (2009) has shown clear relationships between surface types and land surface temperatures. This study was based on satellite-derived data consisting of classified Corine Land Cover categories, the more quantitative Normalised Difference Vegetation Index (NDVI) and Soil Adjusted Vegetation Index (SAVI) worked out from the Enhanced Thematic Mapper Plus (ETM +). These findings were used in our study to score different surface types according to their contribution to urban cooling. Land surface temperatures were found to correlate strongly (r 2 = 0.7805) with air temperatures in cities (Guthrie 2006) , implying that the scores to be assigned for land temperature data could be extrapolated to air temperature data and vice versa.
As GIS was used to calculate the area of each surface type, it was also possible to visualise and locate the areas that need to be targeted in planning policies to maintain or improve the ecosystem services they deliver. This scoring system also attempts to assess the generic value of small habitats on small-scale development sites to help the developer make the best use of potential ecosystem services on site.
Methodology

Site of the study
Southampton, in the United Kingdom, is a coastal temperate city, which is simultaneously facing rising population density levels and changing climate. Having experienced a rapid urbanisation process, the city had to construct residential and commercial units on previously virgin land, thus reducing the amount of green space (Southampton City Council 2009). Given the increase in unpredictable weather events requiring rapid infrastructural adaptations, preserving such green spaces is of the utmost importance (IIP Digital | U.S. Department of State 2010). Being situated in a low lying coastal area at the confluence of two major rivers (the Test and Itchen, which join to form Southampton Water), Southampton is prone to flooding following heavy rainstorms. Thus, it requires ongoing investment in the maintenance of flood control systems to protect the existing inhabitants and infrastructure (Southampton City Council 2009). Rising temperatures, particularly if sustained over long periods of time, will be especially hazardous. The existing housing design mostly lacks green roofs and walls, and Southampton and the United Kingdom in general have an ageing population vulnerable to temperature extremes (Lafortezza et al. 2009 ).
This study was conducted in 50 randomly selected onehectare sites in Southampton City Centre, each of which comprised at least a part of terrestrial habitat. Southampton City Centre was selected for this case study as it has the highest building and population density in the whole city (Office for National Statistics 2001). The mean study site area was found to be 9948.47 m 2 and ranging from 9773 to 10,008 m 2 Precise boundary delineation of study sites was complicated by the largely heterogeneous land uses, hence the given range. A cumulative frequency curve of habitat classification with the number of sampling sites showed a curve flattening out after the 12th site, indicating that the sample size was more than adequate in capturing most habitat types.
Habitat mapping
The ground-truthing of the existing system, based on Ordnance Survey surface types, was conducted using a modified JNCC Phase 1 Habitat mapping system (JNCC 2010). The JNCC system was modified in a number of ways. To account for the particular ecological situations of cities with several small-scale disturbed habitats, target notes were not used. All habitats having an area of 100 m 2 or more were mapped, even if only a minor part of the total area fell within a study site. Any habitats smaller than 100 m 2 were not recorded, following JNCC (2010). Such small habitats would have unnecessarily complicated the mapping exercise without any significant contribution to the final score, and many would have been in private property, so access was difficult for ground-truthing.
The extent of habitats was defined by visible ecological boundaries (Fagan et al. 1999) , which make species migration between habitats difficult, such as a 1-m high brick wall in amenity grasslands or a main road in woodlands. Another modification implemented was the exclusion of specific details, namely grassland type, water trophic conditions and species richness. Instead, the additional subcategories of dense or sparse undergrowth were added to woodland and scrub habitats since this was considered to provide the best indication of infiltration capacity (Villarreal & Bengtsson 2005) . Although this is a simplified version of the original JNCC system, this classification is sufficient for the purposes of infiltration capacity. Moreover, this simplified version could be easily adapted from existing JNCC Phase 1 habitat maps without the need for further site visits. While the JNCC system does not require the mapping of individual trees, but as they have high infiltration capacity (Nijssen et al. 2001) , we investigated the value of accounting for these trees in parklands. Consequently, the locations of individual tree crowns in six sites were mapped. The sites were purposefully chosen, which contained parklands consisting of a total of 12 habitat units equally split by high and low tree density. Because of the high level of detail required to distinguish individual trees, the mapping was undertaken on site by recording the tree location relative to other landmarks. Aerial imagery from Google Earth (Google Earth 2011) was then used to aid the digitisation process. All trees were assumed to have an equal crown diameter of 11.31 m as worked out from calculations of nine British broadleaf tree species by Hemery et al. (2005) . This value was ground-truthed by measuring the crown diameter utilising aerial photography of a sample of three trees from each of the chosen sites. The same tree species used in Hemery et al. (2005) were found to be present in the studied sample sites. No significant difference was found between both mean diameters using an independent sample t-test (p = 0.616) (Field 2005) . A nonparametric Friedman test with α = 0.05 was then utilised to test for significant differences between the habitat mapping with individual trees, habitat type without individual trees and surface type approaches.
Mapping was carried out using site surveys on Ordnance Survey base maps at a scale of 1:1250 and aerial imagery (Google Earth 2011), with a preference for the former in case of discrepancies. Inaccessible areas could only be mapped using aerial photography, and assumptions favouring scarce undergrowth were made since most of these areas occurred within private dwellings usually surrounded by some form of managed grassland. Each habitat was digitised with its standardised code in a GIS package on top of a 1:10,000 Ordnance Survey MasterMap base (Table 1) . Impermeable surfaces such as buildings and roads were considered to be impractical to digitise separately in urban settings because of their sizeable extent, and thus, their area was worked out from the same MasterMap basemap. It was decided to classify all the impermeable surfaces as either 'structures' or 'transportation' for planning purposes, even though they all have a Green Space Score (GSS) of zero (Table 1) . 'Structures' refer to artificially built structures, which host some form of stationary function other than the transportation of matter. 'Transportation' denotes all those structures that serve to link places for the carrying of matter from one place to another (Table 1) .
Habitat recognition, using indicator species, was facilitated by surveying all sites in June 2011, since June marks the end of spring in the United Kingdom when most flowering species are easily identifiable.
Scoring flood control
Using the GIS software, the total area of each broad habitat type in each sample site was calculated and transferred into a spreadsheet. A GSS (ω), adopted from the SCC system and assigned to each habitat depending on infiltration capacity (see below), was then multiplied by the respective area, resulting in a weighted area factor for each habitat. The following formula was applied to calculate the GSF for infiltration capacity:
where GSF n = Green Space Factor for specific ecosystem service, a = total area of specific habitat type; ω = Green Space Score of specific habitat type for infiltration capacity, and; A = total surface area of the site. The resulting GSF score is on a scale from 0 to 1, indicating a range from negligible to maximum infiltration capacity of the habitat type.
The ω score (GSS) for infiltration capacity was assigned using qualitative expert judgement based on other similar projects done in Malmo, Sweden (Kruuse 2011) , Berlin (Landschaft Planen & Bauen and Becker Giseke Mohren Richard 1990) and by the North West Development Agency (Community Forest North West 2011). Infiltration capacity was considered to be a sound surrogate for the flood water regulating ability of the surface, since it directly relates to the proportion of permeable surfaces in the city (Whitford et al. 2001) . It was assumed that more intensively managed habitats, like amenity grasslands, have lower infiltration capacity than similar natural habitats such as neutral grassland (Braun & Kruijne, 1994; Yüksek et al. 2010) , which is neither acidic nor calcareous (JNCC 2010). Habitats with taller vegetation, such as trees, were assumed to require deeper, more permeable soil to accommodate an extensive root system and would thus have a higher infiltration capacity (Whitford et al. 2001) . When testing for the effect of individual trees in parklands, a ω of 0.9 was assigned to individual trees (code AT) in such a way that this score, together with that for amenity grassland (code J1.2, ω = 0.5) would theoretically balance each other out in replacing the former Parkland habitat (code A3, ω = 0.7), which consisted of grasslands with sparse trees (JNCC 2010). The above scoring procedure was run for both the surface type and habitat type, and the results were compared to check for consistency. A Spearman Rank correlation was calculated to determine the strength of the relationship between both scoring methods. To determine the significance of the observed differences between each score, ranks were compared using a Wilcoxon signed test (Field 2005) at α = 0.05.
Scoring urban cooling
Following the determination of a credible surface classification for flood control, an attempt was made to find a comparable system for urban cooling. As in the case of infiltration capacity for flood control, surrogates based on scientific findings, which are not specific to any geographical region (Whitford et al. 2001 ), were explored. The qualitative surface type categories identified by Gibson (2009) were arbitrarily converted to both the surface and habitat typologies using the Corine Land Cover 2000 Database (produced by the European Environment Agency). These were ranked according to the findings of Gibson (2009) and scored a θ (climate control) factor between 0 and 1 (Table 1 ). In cases where it was difficult to split this classification into the different surfaces used in the surface type approach, substitutes such as evapotranspiration, surface albedo, photosynthetic activity and shade were applied by assuming that surfaces having high values in these substitutes would result in lower temperatures (Kawashima 1991; Rosenzweig et al. 2006; Hardin & Jensen 2007) . A typical case is the category 'Scrub and herbaceous vegetation' in Gibson (2009) , which for the purposes of the modified Phase 1 approach was divided into the broad habitats of 'scrub' (A2) and 'grassland' (B2) in order of decreasing importance for temperature regulation. When multilayered surfaces occurred in the surface type approach, the topmost layer was used for both the water regulation and urban cooling scores, as it was considered to have more effect on the proxies than the ground layer (Kalluri et al. 1998 ).
Since literature shows strong relationships between leaf area index (LAI) and temperature (Wong & Yu 2005; Hardin & Jensen 2007) , another attempt was made using this surrogate to score both the surface and the habitat typologies using the presumed LAI. In this approach, standing and running water habitats were both scored as 1, since they were equally the coldest according to Gibson (2009) .
The GSF c for each of the four approaches was calculated using Equation (1) and replacing ω with a different θ for each temperature surrogate. Finally, these temperature regulation approaches were compared to GSFs based on actual temperature data from September 2008 derived from Landsat ETM+ Band 6. This data set was chosen in order to be consistent with the findings of Gibson (2009) about correlation with surface types and because it was the most recent data set used (Gibson 2009 ). The original temperature values were categorised into 10 equal classes, and each class scored a progressively decreasing score of 0.1, starting at 1 for the coldest. Because of the large amount of data processing required to score such quantitative surface typologies, other indirect surrogates suggested by Gibson such as NDVI and SAVI were not considered. The correlation between the temperature data and the final scores for our sample sites derived from each of the four approaches used was calculated using a Spearman Rank test. A Wilcoxon signed rank test was then applied to check the significance of the different scores.
After having obtained two GSFs for flood control (GSF w ) and urban cooling (GSF c ), an attempt was made at averaging these scores to produce an Aggregate Green Space Factor (AGSF), which tries to quantify these ecosystem services. In theory, this AGSF could be extended to any number of ecosystem services just by averaging. The AGSF could be worked out by
r AGSF = Aggregate Green Space Factor r GSF w = Green Space Factor for flood control r GSF c = Green Space Factor for urban cooling r #GSF n = Number of Green Space Factors.
This assumes that the ecosystem services have equal weight, but this could be adjusted on the basis of their importance to policy or society or weighted by stakeholders.
Results
Flood control
Almost all the study sites scored a GSF w smaller than 0.7, with just two sites scoring higher than 0.9 upon employing both methodologies. Using the habitat mapping, the GSF w for the 50 sites in Southampton City Centre was found to be 0.23, while on using the surface type data, it was found to be 0.24. The Spearman Rank test resulted in a very strong positive correlation of 0.966 between both mapping types for GSF w . The surface type yielded higher mean and median (0.2404 and 0.1626, respectively) than the habitat type with a mean of 0.2260 and median of 0.1348. However, the Wilcoxon signed test showed that these differences are not statistically significant (p = 0.657).
The Friedman test found significant differences in the ranks of habitat type with the individual trees approach when compared to that without trees and the surface type approaches (p = 0.028). Further exploration of the data reveals that in all six sample sites with parklands, mapping individual trees yielded a higher GSF for both flood control and urban cooling than mapping the habitats without individual trees or just the surface types.
Urban cooling
All the Spearman Rank tests, comparing land surface temperature with the four surrogates used to represent urban cooling potential, found a moderate to strong positive correlation at p ≤ 0.001 for each surrogate ( Table 2) . The Wilcoxon signed tests comparing the same surrogates with land surface temperature found no significant difference between their GSFs with all at p ≤ 0.001. Note: All coefficients were found to be statistically significant at p < 0.001.
Discussion
Flood control
A comparison of the results of both approaches indicates that there is a minor difference in the GSF w both on a site-specific scale and on a larger scale across the city centre. This difference is not statistically significant and could therefore have occurred by chance. This indicates that either approach could be used to work out the GSF for flood control. The very strong positive correlation between the observations of both approaches (Figure 1 ) further confirms this notion. It could also be noted that the JNCC habitat type approach yields lower scores than the surface type approach, possibly because of its wider span of scores. In this case, this could have been exacerbated by the chosen area having a lot of surfaces with low infiltration capacity and thus low scores. Two extremely elevated results, higher than 0.9, were measured for sites containing water bodies like the River Itchen and Southampton Water.
Urban cooling
In the case of urban cooling, high scores in all four approaches correlate with elevated land surface Figure 1 . Correlation between Green Space Factor scores generated by the habitat type and surface type approaches. temperature scores, indicating that all the approaches can suitably represent urban land surface temperature ( Table 2) . The strongest correlation with temperature is exhibited by the LAI mapped on the habitat system (r 2 = 0.788) closely followed by the habitat system according to Gibson (2009) (r 2 = 0.785). This could indicate that habitat mapping is a more accurate indicator of urban cooling potential than the surface type data.
Applications in urban spatial planning
Significant differences in mapping individual trees suggest that such a mapping approach would be more accurate, particularly for smaller scales. Given that individual trees contribute so much to these two, and other ecosystem services, their influence would be more significant in smaller areas such as gardens than larger portions of land such as parklands. The fact that parkland habitats always yielded higher scores than the other approaches might serve to highlight the importance of individual trees in flood control and urban cooling. This could be explained by the observation, suggested by aerial imagery and site inspection, that more than half the area of the managed parks in the city centre is covered by tree canopies (Google Earth 2011).
Unlike the case of flood control, there were significant differences between temperature and all the qualitative habitat types. Such a finding is meaningful since it indicates that temperature cannot be used directly in our system to score the cooling potential since the data has a significantly different distribution. In fact, the mean and median of temperature GSF scores were higher than the other variables, while the range and standard deviation were much smaller (Table 3) .
Since there is no significant difference in the results of both approaches for flood control, one could easily use the approach that proves to be the most cost-effective and adaptable to multiple purposes. The surface type approach is surely accurate enough for planning purposes on a regional scale. In addition, it does not require further data collection as, in the United Kingdom at least, this is readily available in digital format through the Ordnance Survey. On the other hand, the habitat type approach could be more suitable for small scale development purposes, especially if it maps the individual tree coverage. In theory it would be easy to adopt since it only requires minor modifications and reclassifications of Phase 1 habitat maps, which would be required for certain projects of high ecological sensitivity (JNCC 2010). The statistically significant difference found for the modified habitat type approach with individual trees vis-á-vis the other two approaches might suggest a higher accuracy for this typology. This approach could thus be recommended, especially in view of the ecological nature of the JNCC maps, which might be closer to representing some other ecosystem services. Because of the impracticality of producing such a map on a city-wide scale, the adoption of a two-tiered system is suggested, whereby the habitat map would be used for individual development sites, whilst the surface maps could be used for larger areas such as cities. This two-tiered approach could also be applied for urban cooling, with the surface typology used for large scale urban or regional purposes and the habitat type used for small scale purposes like development proposals. For the habitat typology, there is a significant difference between the Gibson approach and the LAI, with the latter showing a stronger correlation with surface temperature. LAI could therefore be suggested as a surrogate for urban cooling potential at a small site-specific scale. In the case of the surface typology, both approaches are not significantly different, and the discrepancy in the Spearman Rank factor is only 0.004 (Table 2) . For consistency and simplicity purposes, the adoption of the LAI as a surrogate for large scale scoring purposes (Hardin & Jensen 2007 ) could be suggested.
The habitat maps could be incorporated in any form of impact appraisal or assessment and be utilised to predict the change in the ecosystem services produced by a specific development project. Target GSF scores could be set as indicators for the appropriateness of a project. On a strategic level, surface type ecosystem service maps could indicate target areas in need of further investment in green infrastructure. Such target areas could consist of those bridging existing high scoring sites, which would also serve to create stepping stones between ecological islands to facilitate species migration (Reid et al. 2002) .
On a project level, target GSF scores could be set as indicators of the need for green infrastructure in certain project types. As suggested by the Mersey Forest Team (Short 2011) , planned development projects should demonstrate a GSF score of 0.2 higher than the existing site score. Planned projects on green field sites should score at least 0.6 to ensure that a minimum level of ecosystem services is maintained. This could be either prescribed for specific ecosystem services or for the aggregate score, depending on the policies of the local authority. Such measure would couple development projects with improvements in ecosystem services and the multi-functionality associated with such green areas.
Conclusion
It is possible to score the ecosystem services of a densely developed city using specific surrogates for particular services. Infiltration capacity can be used to quantify the flood control services offered by different ecosystems in a city. Similarly, LAI could be used to score urban cooling potential. These surrogates can be incorporated into different mapping systems depending on the required spatial scale. The surface types in MasterMaps from Ordnance Survey could be utilised for strategic planning purposes on a large city-wide scale, while habitat maps derived from a modified JNCC Phase 1 system could be used for individual development projects.
The ecosystem services could be scored by inputting these maps into a GIS package, working the area of each surface type and multiplying it by a weighted GSS depending on the surrogate used. Such a system could yield a single GSF between 0 and 1 for each service, the average of which could provide a combined GSS for all the chosen ecosystem services. This average could be weighted to account for the local situation, for example flooding is more of an issue in some cities than others. Target GSFs could then be incorporated into development policy to make informed planning decisions.
Although this work acknowledges the fact that no single surrogate could completely represent any ecosystem service, it has shown that surrogates could provide a valuable tool to aid policy-makers and developers in making better informed judgements. This tool is also intended to be flexible in its approach, giving scope for the scores to be modified after better proxies have been found and weighted to account for the value or importance of the ecosystem services. Further research could shed more light on the factors affecting these ecosystem services, thereby enabling a more refined and accurate scoring system. Other ecosystem services, such as air quality and recreational value, could also be added to this tool to produce a more holistic understanding.
With the increasing threat of climate change and the growing interest in stakeholder participation approaches, there will be an increasing need for a more accurate yet user-friendly tool to measure the services produced freely by nature. The utility of such tools might even challenge traditional views that development is naturally opposed to environmental conservation by introducing an innovative system whereby development is directly linked with improvement in ecosystem services. This would be especially useful in brownfield sites and urban locations where through better design choices, it will be possible to protect and possibly enhance the remaining ecosystem services.
